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This proceeding of the conference on "The Effects of Helicopter Downwash on
Free Projectiles" is published by the US Army Aviation Systems Command and
includes all reports and formal papers presented during the conference.

A chronological bibliography on Rotor Downwash from 1922 to 1975 is included,
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AVSCOM is not responsible, as a body, for the statements and opinicns advanced
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PROCEEDING

This summary of the conference on "The Effects of Helicopter Downwash and Free
Projectiles", held at the Red Carpet Inn, Bridgetonm, Missouri, and Mart Building,
St. Louis, Misscuri, 12-14 August 1975, is a record of the presentations and
transactions of the meeting.

The registered attendance of the meeting is as follows: 75 persons, representing
20 companies, 16 US Government Agencies and 1 Foreign Government.

There were 18 formal papers presented. All papers are published in this
proceeding unless otherwise noted.

Two major projects which the Army will pursuf@, resulted from the conference.
The projects will be directed by a committee headed by LTC John Topp. The
committee held its first meeting 28 August 1975.

OPENING SESSION
Tuesday, 12 August, 9:00 AM.

Formal opening of the Helicopter/Rocket Airflow Conference, General Chairman
R. Reeves.

This session was formally opened by the General Chairman R. Reeves, who called

' attention to the program of events that were to follow during the two day
conference. The meeting was then turned over to the Session Chairman, R.
Bergman,

Tovdird 2ederic DOWNWASH EFFECTS

-~ Chairman R. Bergman

WELCOME - R. Long, Deputy Director of Research, Development and Engineering,
US Army Aviation Systems Command.

INTRODUCTION AND ASSESSMENT NF THE PROBLEM - G,R. Marner, presented by the Author.

THE EpRTURBED FLOW ENVIRONMENT,AﬁOUT §~LICOPTERS AND ITS EFFECT OV FREE ROCKETS.—
‘B.Z. Jenkins, preseﬁ{ed by the Author” Z Z 7

— SOME PRACTICAL ASPECTS OF ROTOR WAKE EFFECIS ON ROCKET ACCURACY .~ H.A, Morse,
presented by the Author. - e

. DOWNWASH EFFECTS ON ROCKET TRAJECTORIES, EMERSON REPORT 2418 - presented by R.
; Bauman and R. Figueras.
{
"/AHrIG HELICOPTER FIELD FLOW SURVEY-
U’nxnfck .. . B /

B.H. Boirun and E, Bailes presented by F.
¥
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DOWNWASH EFPECTS

Tuesday, 12 August, 1:15 P.M.
Cha%rman R. Frank

—<TOTAL QE COMPONENT YﬁRIATIOV UNDER HOVER DOWNWASH CONDITIONS FOR LONG RANGE
TARGETSA(3—6KM) R Lent and W. Gafmer, presented by Authors. =

JoT~—
MOVIE/INTRODUCTION TO THE EFFECTS OF ROTOR—WAKE ON ROCKETS - R. Bergman,
presented by the Authof. - =

- QBOTOR—WAKE INDUCED FLOW ALONG BELICOPTER ROCKET TRAJECTORIES ~ A. Landgrebe and
T.A. Egolf, presentgh by AuthoTs. =~ =

PRELIEI\Aﬁ%AALALYaIS OF THE _EFFECTS of CALCULATED DOWNWASH DISTRIBUTION OV
FLIGHT PERFOﬁMAhCE OF JTHE 2. 75-INCH ROCKET ~ S, Wasserman, presented by the
Kuthor.™ 22 7
AIR DATA SENSORS
Wednesday, 13 August, 9:00 A.M.
Chairman L. Belmarick

L/
THE msmamx'r OF HELICOPTER AIR DA'rf USING SURVEILLING PITOT STATIC PRESSURE
PROBES -~ J. Carter, presented by tita Author. s - -
THE “éomumov OF ACTUAL INDUCED FLOW WITH THEORY FOR BELL NUH-IM HELICOPTER
ROTOR' OPERATING IN LEVEL FLIGHT: = J. Carter, presented 5§ th& Author.

go = ,_,.:/’

REVIEW OF LORAS CHARACTERISLICS--\P.L. Green, presented by the Author.

——— P
——

'GENERAL REQUIREMENTS FOR OMNI DIRECTIOVAL LOW RANGE AIRSPEED SYSTEM - D.L. Green,
presented by the Author. =~ % AN «= -

= -

irLORAS DISPLAYS'-D.L. Green, presented by the Author

/

;DLTRASONIU WIVD VECTOR SENSOR ~ F,J. Ferrin and M. Yurescko, presented by the
Author. % & z 4
,‘/
ATR DATA SENSORS
Wednesday, 13 August, 1:15 P,M.
Chairman L. Bolmarick

APPLICATION OF REMOTE WIVD SENSORS, -~ D.H. Dickson, presented by the Author.

s L4 2. e _/

- EFFECTS OF AIRFLOW oN JETTISO\ OF MULTI—;RACK LAUVCHERS}FﬁOM HELICOPTERS - N
.S. Stoops’ and R.D. Effich, presédted by E.S, Stoops 4

2
e

Ay VA 210-220 SERIES, LOW SPEED INDICATOR, l to 150K AND AIR SPEED[QIRECTIOVAL

SENSOR, 2 Ans v~1003 4R. Colton and R. Joy, presented by the Authors.
2 R
</




An interesting and informative open discussion followed which revealed many
good points on airflow and zir data sensors. Closing remarks were made by
L. Bolmarick, G.R. Marner, and R. Reeves.

GOVERNMENT RECAP
Thursday, 14 Avgust, 9:00 A.M.
Chairman R. Reeves

Government representatives met in Conference Room #2 of the Mart Building

to recap the events of the prior two days and discuss means of accomplishing
the planned gcals. After discussing a number of proposals, it was decided to
concentrate AVSCOM's efforts on two major projects. LTC John Top, Systems
Integration Project Manager, AVSCOM, was selected and accepted responsibility
for assembling a task team. This team will outline the programs and act as a
decision making body to solve the low speed hover firing problem.

Although the conference title related to free projectiles, most of the papers
were directed at the 2.75 inch rocket and related subsystems. The papers
were well received by those in attendance and considerable discussion ensued
following the formal presentation. All who heard the presentation will now
have a deeper appreciation of the complexity of the downwash problem.
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THE EFFECTS OF HELICOPTER DOWNWASH ON FREE PROJECTILES

INTRODUCTION AND ASSESSMENT OF THE PROBLEM

GENE R, MARNER
U.S, ARMY AVIATION SYSTEM
ST. LOUIS, MISSOURI

The helicopter is an agile, flexible, and adaptable vehicle. It has
proved to be of great utility as a weapon platform under complex battlefield
conditions. This adaptable utility gives the helicopter a major role in
America's deterent forces. If these forces are to be effective peacekeepers,
they must be adaptable to many different conditions of terrain, weather
and threat, since we live in a complicated world in which tensions in many
locations threaten world peace,

The capability of the helicopter weapon system is under challenge.
Conventional anti-aircraft weapons are being developed with better search
capability, greater range and more rapid response. They are being fielded
extensively on mobile armored platforms. Missiles are being fielded in
large numbers with highly portable launching platforms and sophisticated
guidance systems, Thus, we find that the helicopter must operate at low
altitudes, must take advantage of terrain features, must work at greater
stand-off distances and must develop even greater hover and maneuver capability.

Now, while the helicopter has many merits, it has limitations. It must
conform to severe weight restrictions in order to attain hover and maneuver
capability. It is a sensitive, vibrating platform, It is clear that
helicopter-borne weapons systems must attain better precision at greater
ranges while operating at hover or low speed maneuvers.

This brings us, therefore, to the subject of this conference. The free
aerial rocket, which is launched at low velocity and has no terminal
guidance, is significantly affected by votor downwash. This downwash is,
of course, largest during hover, so it is expected to be of considerable
importance in the future, It appears that we need to know more about
the translation and rotation effects as a function of downwash characteristics,
ihat we need a method of measuring downwash characteristics during flight,

and that we need the capability to use the derived data in a fire control
system,




Unfortunately, we seem to be in the early stages of learning insofar
as this problem is concerned. The 2.75" Project Mamager sponsored a 2.75
Inch Rocket/AH~1G System Baseline Accuracy Test wbich was a detailed analysis
of the helicopter/rocket system performance at airspeeds >f 90 and 120 knots.
The major conclusion of the test was that helicopter rocket fire control was
needed to accomplish a significant improvement in system effectiveness.
The lack of appropriate instrumentation was a prime factor in not acquiring
the same type of data for hover and low forward air speeds. Currently,
instrumentation has still not advanced sufficiently to provide adequate
experimental data on airflow under the Cobra rotor disc throughout the weapon
launch envelope at low airspeeds. Discussions with the aeronautical labora-
tories reveaied that no definite data existed on the area of interest.
Recket ballistic simulations had to be performed utilizing assumed data
generated with standard momentum theory based on the size of the rotor and
gross helicopter weight. Airflow perturbations within the rotor downwash
were unknown.

ter determining that there existed a large gap in data on airflow in
the rocket launch envelope at low airspeed, the 2.75 Inch Rocket Project
Manager accepted a proposal from United Aircraft Research Laboratories (UARL)
to acquire basic information utilizing computer simulation. The computer
simulation techniques developed by UARL are unique in the capability to
provide instaneous and time-averaged airflow vectors in both distorted and
undistorted rotor wakes.

The Aeroballistics Section at Picatinny Arsenal followed through with
the data presented in the UARL report to calculate the effects of the airflow
on the rocket trajectory, The rocket will usually be influenced by the
passage of approximately two rotor blades during its exit from the weapon
launch envelope. During preliminary simulations with a six degree of free-
dom rocket ballistic simulation, it was found that at ranges below 2000 meters,
a variation in impact distance could be detected as a function of the blade
position and instantaneous velocities at the time of firing. At ranges
greater than 2000 meters the impact point was not detectably influenced by
variation in firing time relative to rotor position.

In hover firing tests at Yuma Proving Ground in 1974, the 2.75" rocket
achieved an impact distance of 4500 meters when fired at 30 feet above the
target with a 3° laurch angle. On the other hznd, firings at 90 knots au
300 feet altitude required a 7° launch angle to reach 4000 meters. It is
evident that the upward weathervaning effect in hover has a significant
effect on trajectory We anticipate hearing a great more detail from these
research efforts.

In the past few years there has been rapid progress in the techniques
of low velocity airspeed measurement. Adaptations of the pitot techmnique,
new methods of vortex trail measurement, and doppler laser techniques all
give promise for measuring downwash velocities. We hope these techniques
will wmake it possible to oktain precise empirical data for fire control
applicatioa, We look forward fo several papers concerning these techniques.

I hope that this conference will focus attention on the downwash problem
and will accelerdte progress whick is badly needed.
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THE PERTURBED FLOW ENVIRONMENT ABOUT HELICOPTERS
AND ITS EFFECT ON FREE ROCKETS

BILLY Z. JENKINS
US ARMY MISSILE COMMAND
HUNTSVILLE, ALABAMA

Presented at a Technical Conference on
"The Effects of Helicopter Downwash on Free Projectiles"
Held at US Army Aviation Systems Command, St. Louis, Missouri
12-14 August 1975

ABSTRACT

The use of rotary-wing aircraft as lauaching platforms for rockets
or missiles is complicated by the transient environment which exists
before and during launch and through the first six or eight meters of
flight. Not the least important of these is rotor downwash. Current
concepts in air launched weapons emphasizes launch from very low
speed or hover, conditions at which dowawash effects are maximal.

The round is, moreover, most vulnerable to upsetting disturbances
at the low speed, initial segment of its trajectory.

Results are presented for flight test surveys of the downwash
velocities as well as analytical predictions of these welocities.
A UH-1IM helicopter bearing an array of 3-vector hot film anemometers
was flown at the US Army Engineering Flight Activity at Edwards Air
Force Base in California. Velocity data were gathered at a variety
of speeds from hover to 90 knots at an altitude above ground effect.
In additien to results, some of the problems peculiar to such a test
are discussaed. A similar test on the AH-1G is underway and will be
discussed pending its success. The helicopter flow field for steady
straight (no side-slip) and level flight has been modelled using a
source-sink distribution to simulale the fuselage effect and a sheg
rolled-up vortex filament systcm to simulate the rotor. The fuselage-
dowmwash representatives are iterated in leap-frog fashion until a
periodic flow included their 'ateractiom is reached. A comparison
of theory and experiment is snown which indicates a good agreement
in scme cases, and poor agreement in others.

Trajectory simulation is included to show the effects of downwash on
free rockets. In many cases, it is saen tlat the round cannot respond
to the fluctuating component of the velocity but can significantly be
influenced by the time averaged component.
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Introduction

The Army is deeply coomitted to the coacept of an attack heli-
copter - cne which may be armed with conventional firearms as well as
guided missiles or free rockets. A helicopter is not the most ideal
launch platform for rockets and missiles due to the numberous launch
transients ianvolved. These transients, principally vibration, rotor
downwasa, and translation and rotation of the lauanch platform, have not
been properly investigated as sources of rocket dispersion. In an
effort to assess the importance of rotor downwash on the dynamics of
the round during its first few feet of flight, it is first necessary to
determine the induced velocity field about the helicopter ian flight.
Knowing the properties of the envirommexzt which the rocket must traverse,
aerodynamic forces derived therefrom may be used in simulating the
rocket's trajectory. A theoretical capability to define the helicopteér's
downwash properties exists at MICOM through a conputei program developed
over the past eight years. To verify and supplemenz this, a flight
test experiment was begun in 1973 and is still teing conducted.

Description of Analytical Technique

The computer program being used at MICOM and the analysis upon
which it is based are described in Pefs. 1, 2, and 3. Basically, the
res;xltznt flow in the domain of Interest is assumed to be a super-
position of three elements: the freestream, the fuselage represented
by a distribution of sources and sirks, and the rotor wake represented
by line vortices shed from each blade (Fig. 1). Obviously, the repre-
sentation of the fuselage and the representation of the rotor downwash

are interdependent and should be periodic functions of time. 1In the
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program, the initial representation of the wake is chosen to be helical
(one for each blade) and slanted aft in accordance with momentum thzory.
The fuselage representation is initially taker to be that resulting from

the freestream only. The rotor represeantation is then advanced by

marching timewise for several revolutions of the rotor. The fuselage
representation is then recalculated using the time averaged values for
the downwash effzct in accounting for flow nonuniformity. This pro-
cedure is then repeated until a nearly periodic flow is established -
usually, approximately fsur complete passes. it is seen that the sol-
ution found is not completely interactive - the fuselage representation
resulting is the one that would result from the time average of the
periodic flow. The influence of the fuselage is relatively small com-
pared to the other sources and this shortcoming is not very important.
There is another shortcoming which is potentially more serious. The
shed vortex sheet from along the blades is ignored or lumped into the
vortex filameats being shed by the blade tips. More recent downwash
simulation programs which account for this effect indicate that it is
inportant.

Consideration of the model represencation of the flow field reveals
several fmportant facets of the resulting flow:

(a) areas of strong velocity gradients and high velocites wili
occur near the vortices distributed through the flow;

(b) the position of the boundarles of the rotor wake is stroigly
influenced by the aircraft's speed. For rockets launched from the
helicopter in a conventional fashion, there exists a maximum airspeed
for which the rotor downwash intersects the rocket's flight path;

8
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{¢) the weight of the aircraft influences the vertical docwnwash
component almost linearly; and

(d) the incidence of the rotor disk to the freestream, ag, is
important for characterization of the downwash properties and is largely
determined by aircraft urag and weight.
Description of Exgériments

The most digect quantities for defining the aerodynamic environ-
ment occurring about helicopters are the time dependent velocity com-
ponents throughout the region of incerest. This was undertaken, but
for economy of effort the rotor wake boundary as a function of air-
speed was first undertaken to fix the forward limit of the survey.
Virtually all the experimental data given can also be found in Ref. 4.

a._Aircraft and Range

The flight tests were conducted by the US Army Aviation
Engineering Flight Activity located at Edwards Air Fokce Base, Cali-
fornia. Based primarily on aircraft availability, a UH-1M helicopter
was selected as the test vehicle. A drawing of the aircraft, showiag
the coordinate system, is presented in Fig. 2.

b, Instrumentation and Procedure

——

The wake boundary surveys were made using an Elliott dual-axis
low airspeed system. The Elliott system was mounted at Y = =65, Z = 29
for various X positions and at Y » =65, Z - 88 for various X positions.
The flcw angularily in the helicopti¢r pitch plane was noted for various
forward speeds of the aircraft. As the foremost boundary of the rotor
wake passed the Elliott probe a proncunced change in the flow angular-

{ty occurred, allowing the X coordinate of the wake boundary to be deter=-




mined as a function of airspeed for two outboard stations (Fig 3).
It is seen that the weapon mount location, typically forward of fuse~
lage station 120, will be free of downwash effects for true airspeeds
greater that 45 ft/sec.
The flow field veloéity survey was conducted using an array of
seven split film 3-component anemometers mounted linearly on a lateral
rack, 8.5 in.apart (Fig. 2). Plans were to make successive flights,
repositioning the rack between flights until the entire volume of
interest had been covered, During eacﬁ flight a number of data re=~
cords were to be taken at a predetermined set of flight conditioms.
Complete descriptions and specifications are given in Ref. 1. !
Unfortunately, the tolerance of the anemometers to vibration had
not been determined and insufficient vibration isolation had been built
into the support structure, The sensors failed subsequent to the first
flight with the rack in the first position. The probé locations for
the first rack position are given in Tabla 1. During this test flight,

data were taken for a variety of forward velocities. As Table 1 indi-

cates, only five of the seven sensors were fully operative throughout

the flight.

10




TABLE 1. PROBE LOCATIONS
Probve X Y Z

No. (in.) (in.) (in.) Comments

1 111.885 | -109.56 | 58.926

2 111.885 | -101.06 | 58.928 Cperative in one axis only
3 111.885 | -92.56 | 58.928

b | 111.885 | -8u.06 | 58.928

5 111.885 | -T75.56 | 58.928 | Inoperative

6 111.885 | ~-67.06 | 58.928

7 111.885 -58.56 | 58.928 | Data noisy (perhaps due to

turbulence)

Flight data records were taken at airspeeds of approximately 8,

18, 54, 75, 393, 113, 135 and 153 ft/sec.

The helicopter was flying

with zero sideslip, straigh:t and level out of ground effect. Gross

weight was 7400 to 7500 1bs and rotor speed was nominally 324 rpm.

c¢. Velocity Survey Results

Velocity~-time curves for each component, sensor, and flight

record axe presented for the entire measurement interval in Ref. 1.

This time interval is large compared to the period of the fluctuating

velocity, making it hard to distinguish details of the curve shape

over enly one period (-~ 0.095 sec).

sented over an interval of only six periods allowing the scatter in data,

In Ref. 5, these data are repre-

repeatability from cycle to cycle, and variability of data quality

from flight record to flight record to be readily seen,
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plots is shown in Fig. 4. Note in particular:

(a) the passage of the vortex filaments as indicated by the fast
velocity change in all components but principally Vx and VY;

(b) the low amplitude of the fluctuations of vertical downwash
component ;

(¢) the weakness of the latera' component of velocity at this
station. According to analysis, this is true even at station located
near the wake boundaries;

(d) the unusually high value for Vy (30 to 40 ft/sec) is unreal-
istic for a forward velocity of only 7,7 ft/sec. All theoretical methods
indicate the mean value of vx should be on the order of 7.7 + V sin dp
= 7.7+ 75+ sin 2° = 10 ft/sec. The measured values were repeatable
between different data records of approximately 5 sec each.

Comparison of Theory and Experiment

Theoretical simulations were conducted for several of the experi-
mental flight records. One of the critical input variables is the
incidence of the rotor tip path plane to the freestream @xr). This
quantity varies with airspeed and aircraft weight and centexr of gravity
location and was not directly measured during the experiment but in-
ferred from aircraft attitude measurements. Since rotor flapping angle
was not measured, the angle of the tip plane relative to the aircraft
coordinate system was unknown. For the values of dp derived from exper-
iment, the flapping angle was assumed to be zero; therefore, ¢(t may be
in error by the amount of the true flapping angle, If the available data

for aircraft weight and drag is used, gy may be calculated by balanciug

12
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forces at the rotor hub, The comparison of the values obtained in

these two different methods is shown in Fig. 5. Disagreements between
i

theory and experiment which correspond to up to 4° of flow incidence in

the pitch plane may be expected to be found.

a. Time Dependent Data Comparison

Since the period of the velocity fluctuations is governed by
the rotation of the rotor, the time coordinate was replaced with rotor
position. For a two-bladed rotor, such as that of the UH-IM, each blade
contributes to the flow velocity experienced by a point in the wake;
therefore, the neriod is 2 per revolution or 180° of rotation of the
rotor, Instead of plotting rotor position as an ever increasing angle
for successive periods, it was plotted modulo 18C°. In this way all
the periods are superimposed on each other in the same O to 180° range.
This is called a folded plot. For flight record 1, the absolute value
of rotor position was measured with O and 180° corresponding to align-’
ment of the rotor with the fuselage centerline. This measurement sub=~
sequently became inoperative; therefore, for the vemaining flight
records the experimental values for rotor position are known relative
to each other but not with respect to any reference position as was
the case for flight record 1. As a result, in comparing theory with
experiment using Figs. 6 through 8, it must be realized that theory
and experiment can be arbitrarily displaced relative to each other
along the absecissa.

During the course of the experiment, the rotational velocity of the
rotor was nominally 324 rpm which would correspond to a period of 0.0926

sec. However, in plotting the folded data it was found that slightly

13




